Two biologically important molecules specioside (SS) and verminoside (VS) have been isolated from the ethanolic extract of stem bark of Kigelia pinnata. We have explored the electronic and spectroscopic properties of these two molecules on the basis of the Density Function Theory (DFT) quantum chemical calculations along with the correlations of biological efficacies and the results are presented in this paper. The structures of the molecules were established with the help of spectroscopic techniques ( 1 H, 13 C NMR, UV-VIS, FTIR) and chemical reactivity was compared by computed DFT theory using Becke3-Lee-Yang-Parr (B3LYP)/ 6-31G (d,p) data basis set. UV-Visible spectrum was obtained using Time Dependent DFT method. Electric dipole moment, polarizability, first static hyper polarizability and hyper conjugative interactions were also studied with the aid of natural bond orbital (NBO) analysis of these two compounds. The thermodynamic parameters of these compounds were determined at various temperatures. The HOMO, LUMO, chemical hardness (h), chemical potential (m), electronegativity (c), electrophilicity power (u), the gap energy and NBO analysis of both the compounds have been discussed in this paper. Local reactivity was evaluated through the Fukui function i.
that verminoside (VS) has one extra hydroxy functional group which may be responsible for the different biological activities. Therefore, to correlate the chemical structure and biological activity we have compared structure activity of both the compounds on the basis of quantum chemical approach. The chemical structure and optimized structures of specioside (SS) and verminoside (VS) are shown in Figs. 1 and 2 respectively. 
Experimental

General
The Infrared (IR) spectrum of specioside (SS) and verminoside (VS) has done with the Perkin-Elmer FTIR spectrophotometer. 1 H and 13 C NMR spectrum were recorded on Bruker 300 MHz instrument using CDCl 3 solvent. Chemical shifts are reported in parts per million (ppm) using Tetramethylsilane (TMS) as internal standard. Ultra violet (UV) spectrum was recorded on UVeVisible Double-Beam Spectrophotometer instrument using CHCl 3 as a solvent. Melting point was determined by melting point apparatus. The thin layer chromatography (TLCs) was visualized in an iodine chamber.
Computational methods
The theoretical calculations of these compounds have been done with Gaussian 03 program package [16] and Gaussian 09 program package [17] . The results were examined with the Gaussview 03 molecular visualization program [18] and Gaussview 5.0 molecular visualization program [19] . Optimized geometrical parameters and vibrational frequencies for the compounds were calculated using DFT with a hybrid functional B3LYP [20] and basis set 6-31G (d,p). B3LYP invokes Becke's three parameter (local, non-local, Hartree-Fock) hybrid exchange functional (B3),
with LeeeYangeParr correlation functional (LYP) [21] . The basis set 6-31G
(d,p) with 'd' polarization functions on heavy atoms and 'p' polarization functions on hydrogen atoms is used for better description of polar bonds of molecule [22, 23] .
It should be emphasized that 'p' polarization functions on hydrogen atoms are used for reproducing the out of plane vibrations involving hydrogen atoms. NMR chemical shifts were calculated with gauge including atomic orbital (GIAO) method using same level of theory [24] . In NBO basis, the second-order Fock matrix was used to estimate the donoreacceptor interactions [25] . By using Time Dependent Density Functional Theory (TDDFT) method, UVeVis spectra, electronic transitions, and electronic properties like HOMOeLUMO energies were calculated.
Quantum chemical methods have been used to determining the molecular structure as well as for explaining the electronic structure and reactivity [26] . The Natural Bond Orbital (NBO), molecular electrostatic potential (MESP), electronic absorption spectra, Mulliken atomic charges and global reactivity descriptors were also investigated. For non linear optical devices, the Non Linear Optical (NLO) properties of the compound have also been studied revealing that the molecule is an attractive object for future studies of nonlinear optical properties as well as in pharmaceutical chemistry. The thermodynamic properties were also calculated at different temperatures revealing the correlation between the standard heat capacities (C), entropies (S) and temperatures. Surface morphology has been studied with scanning electron microscopy (SEM) method [27, 28, 29] . We have proposed a multiphilic chemical reactivity descriptors calculated with the help of Fukui functions (FF) by DFT study. The explanation of the nucleophilicity and electrophilicity of the given atomic sites in the molecule with the help of chemical reactivity descriptors using DFT. global chemical reactivity trends are explained chemical potential, global hardness, global softness, electronegativity and electrophilicity. Fukui function (FF) and local softness is broadly applied for investigation of the local reactivity and site selectivity. The different applications of both global and local reactivity descriptors in the concern of chemical reactivity and site selectivity have been explained in detail. The definitions of all these descriptors and working equations for their computation have been described [20, 22, 30, 31] . Thus, to the best of our knowledge, this is the first time; a structural study of both the compounds has been done with compare to theoretical studies using density functional theory (DFT).
3. Result and discussion 3. 
UV-Vis spectroscopy
Theoretical calculations of UVeVis absorption spectrum were done with the help of TD-DFT method using B3LYP functional and 6-31G (d,p) basis set and solvent effect has been taken into consideration by implementing Integral Equation Formalism
Polarizable Continuum Model (IEFPCM) Fig. 5 . According to the frontier molecular orbital theory, the interaction between the HOMO and LUMO levels helps in chemical reactivity of reacting species [35] . The energy of the highest occupied molecular orbital (E HOMO ) measures the tendency towards the donation of electron by a molecule and higher values indicate good tendency towards the donation of electron.
E LUMO indicates the ability of the molecule to accept electrons. High value of E HOMO is likely to a tendency of the molecule to donate electrons to appropriate acceptor molecule of low empty molecular orbital energy [36] . Therefore, the energy of the HOMO is directly related to the ionization potential and LUMO energy is to the electron affinity. The difference of energies between HOMO and LUMO orbital is called as energy gap which is an important stability for the structures [37, 38, 39] . 
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Calculations by B3LYP functional predict one intense electronic transition as good agreement with the measured experimental data as shown below. The transitions of both the compounds appear to be due to n / p*. Experimental and theoretical absorption wavelength and excitation energies of compounds are shown in Table 2 .
Molecular orbitals and their electronic transitions which show the distributions and different energy levels of the HOMO and LUMO orbitals at the B3LYP/6-31G(d, p) level for the specioside (SS) and verminoside (VS) compounds are shown in Fig. 5 . Both the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) are the main orbital taking part in chemical stability.
3-Dimensional plots of highest occupied molecular orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs) of isolated compounds are shown in Fig. 6 .
Vibrational assignment
The observed infrared and calculated wavenumbers, assignments and the calculated vibrational wavenumbers are different than the experimental wavenumbers due to discard of anharmonicity present in real system [40, 41] . Therefore, calculated wavenumbers are scaled down by a single factor 0.9679 for B3LYP and compared with experimental wavenumbers. The value of correlation coefficient (R2 ¼ 0.9995 using B3LYP) showed that there is a good agreement between experimental and calculated wavenumbers [42, 43] . . Here, all results showed better agreement with the experimental values. In addition, both the bioactive compounds showed approximate similar IR bands ( Table 3 ). The correlation graph between experimental and calculated vibrational frequencies of specioside (SS) and verminoside (VS) are shown in Fig. 7 .
Molecular electrostatic potential
The electron density is of great significance factor related to the reactivity of electrophilic and nucleophilic sites and the interactions of hydrogen bonding as well as this density concerned to the molecular electrostatic potential (MESP). The importance of MESP lies in the fact that it simultaneously displays molecular size, shape as well as positive, negative and neutral electrostatic potential regions in terms of colour grading and is very useful in the investigation of molecular structure with its physiochemical property relationship [20, 49] . It helps to determine the reactivity of nucleophilic and electrophilic attack sites for compounds under study which simulated the MESP using the B3LYP level of the optimized geometry using Gauss view software as shown in Fig. 8 . The red and blue region refers to the electron rich means electrophilic attack and electron poor means nucleophilic attack region while green region shows the neutral region [50] . MESP of both compounds showed the major negative potential region around oxygen atoms of alcoholic group indicating the binding site for nucleophilic attack [51, 52] .
Natural bond orbital analysis (NBO)
The NBO calculated hybridizations is of great significant parameters for our structure analysis. It was determined by using the Gaussian 03 package at the B3LYP/ 6-31G (d,p) method. Gaussian software helps to calculate bond length and bond angles values for the compounds. Natural Bond Orbital's are localized few-center orbitals explain the Lewis-like molecular bonding pattern in compact form of electron pairs. NBOs are localized "maximum occupancy" orbital's whose leading N/2 members (or N members in the open-shell case) and Lewis-like description of the total Nelectron density. Second-order perturbation theory indicates that all possible interactions are analysed between "filled" (donor) Lewis-type NBOs and "empty"
(acceptor) non-Lewis NBOs. Evaluation of NBO analysis helps to evaluate interaction between donor (i) level bonds donor-acceptor (j) level bonds. The result of interaction is a loss of occupancy from the concentration of electron NBO of the idealized Lewis structure into an empty non-Lewis orbital [53, 54] . For each donor (i) and acceptor (j) the stabilization energy E(2) concerned with the delocalization i / j is as follows:
i.e. qi is the donor orbital occupancy, Ei and Ej are the diagonal elements and Fij is the of diagonal NBO Fock matrix element. The large E(2) value exhibits the intensive interaction between electron-donors and electron-acceptors and the extent of conjugation of the whole system of both the compounds that are given in NBO Tables 4 and 5 respectively. Stabilization of the system was observed of the following strong intramolecular hyperconjugative interactions causing increased electron density (ED) and intramolecular charge transfer (ICT) [55] . The elongation and red shift provided the knowledge of the electron density of n(O) is transferred to p*, s* (antibonding orbitals) of C-C, C-O and O-C bonds.
Specioside (SS)
Between 
Non linear optical analysis (NLO)
The Non-Linear Optical (NLO) parameters of the compounds have been calculated by using B3LYP levels with 6-31G (d, p) basis set. It deals with the interaction of applied electromagnetic fields in various materials to generate new electromagnetic fields, altered in wave number, phase, or other physical properties. Organic molecules able to manipulate photonic signals efficiently are of importance in technologies such as optical communication, optical computing, and dynamic image processing [56, 57, 58] . Mainly polarizability and hyperpolarizability are important parameters to determine the structural chemistry and efficiency of the polarizability and hyperpolarizability properties of molecular systems depend on the charge transfer between electron donating and withdrawing groups that helps in determining the intramolecular charge transfer. The intermolecular interactions involving the nonbonded type dipoleedipole interactions are determined with the help of dipole moment of a molecule means stronger the dipole moment, stronger will be the intermolecular interactions. The first hyperpolarizability is a third rank tensor that can be described by a 3 Â 3 Â 3 matrix. In theory of Kleinman symmetry, 27 components of the matrix can be reduced to 10 components. The complete equations for calculating the magnitude of total dipole moment m, the average polarizability a tot and the first hyperpolarizability b tot , using the x,y,z components is as follows: 
Thermodynamic properties
The Thermodynamic parameters include zero-point vibrational energy, rotational temperatures, rotational constants and energies at standard temperature 298.15 K, were obtained at the HF and DFT using B3LYP functional with 631-G (d,p) basis set. At different temperatures (100e500 K), the vibrational analysis, values of standard statistical thermodynamic functions, heat capacity (CV) and entropy (S) were determined using DFT/B3LYP method with 6-31G (d, p) basis set. The higher values were calculated in HF of the total energy, translational, rotational, and vibrational energy than B3LYP. The rotational constants and rotational temperature values are similar in all the cases. It was observed that standard statistical thermodynamic functions increase with temperature ranging from 100 to 500 K, due to the fact that the molecular vibrational intensities increase with temperature [60] . The correlation equations among heat capacities, entropies and temperatures were fitted by quadratic formulas and the corresponding fitting factors (R 2 ) for these thermodynamic properties. The corresponding fitting equations and the correlation graphics (Figs. 9 and 10) are as follows. According to the second law of thermodynamics in thermochemical field, these thermodynamic data provide helpful information for the study of compounds to compute the other thermodynamic energies in relation of thermodynamic functions and estimate directions of chemical reactions. All thermodynamic calculations were done in gas phase but not used in solution (Tables 7 and 8 ).
Chemical reactivity descriptors
Global reactivity descriptors (GRDs) determine the nature of many of the basic chemical concepts like hardness and softness and justified framework of the DFT [29, 61] . GRDs are highly successful in predicting global reactivity trends. According to the Koopman's theorem, the energies of frontier molecular orbital (εLUMO, 
Electrophilicity index (u) is a global reactivity index similar to the chemical hardness and chemical potential introduced by Parr et al [64] . The maximum charge transfer DN max towards the electrophile was evaluated showing the property of the system to acquire additional electronic charge from the environment which describes the charge capacity of the molecule. This new reactivity index measures the stabilization in energy when the system acquires an additional electronic charge (DN) from the environment [30, 65, 66, 67] . The direction of the charge transfer is completely determined by the electronic chemical potential of the molecule because an electrophile is a chemical species capable of accepting electrons from the environment. Therefore its energy must decrease upon accepting electronic charge and its electronic chemical potential must be negative (Table 9 ).
Local reactivity descriptors
Fukui Function (FF) is most widely used for local density functional descriptors to model chemical reactivity and site selectivity [68] . The atom is highly reactive compared to the other atoms in the molecule with the high FF. Using Hirshfeld population analysis of neutral, cation and anion state of molecule, Fukui functions are calculated using following equations:
where N, N-1, Nþ1 are total electrons present in neutral, anion and cation state of molecule respectively. In addition local softnesses (
are also used to describe the reactivity of atoms in a molecule [69, 70] . These local reactivity descriptors associated with a site k in a molecule are defined with the help of the corresponding condensed to atom variants of Fukui function, using the following equations,
where þ, À, 0 signs show nucleophilic, electrophilic and radical attack respectively.
The maximum values of all the three local reactivity descriptors ({f k þ ,
indicate that this is more occupied site for nucleophilic or electrophilic attack than all other atomic sites in reactants i.e. Fukui func-
and local electrophilicity indices (u k þ , u k) for selected atomic sites of molecule [65, 71, 72] . Table 9 . Calculated εLUMO, εHOMO, energy band gap εLUMO -εHOMO, and Verminoside (VS) using B3LYP/6-31G (d, p) level. Table 10 . Using Hirshfeld population analysis:
in eV for selected atomic sites of Specioside (SS). In Specioside (SS), the relative high value of local reactivity descriptors(f k þ , S k þ , u k þ ) at C6, C18, C22, C24, C29 indicate that these sites to nucleophilic whereas the relative high value of local reactivity descriptors (f k À , S k À , u k À ) at C29, O30, O31, O33, C37 and O38 indicate this site to electrophilic attack (Table 10 ). In verminoside (VS), the relative high value of local reactivity descriptors(
at C6, C18, C22, C25, C29 indicate that these sites to nucleophilic whereas the relative high value of local reactivity descriptors (f k À , S k À , u k À ) at C30, O36, C37 and O38 indicate this site to electrophilic attack (Table 11 ).
Conclusion
In the present work, we have done comparative studies of two compounds i.e. Spe- 
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